Abstract The human epidermal growth factor receptor 2 (HER2) is overexpressed in 25%e30% of breast cancer patients. Anti-HER2 therapies have changed the aggressive course of HER2þ breast cancer. In spite of the therapeutic benefits, their cardiotoxicities are major concerns, especially when used concurrently with anthracyclines.
Patient
Our patient is an 82 year-old woman who was diagnosed at an outside facility with stage III, ER/PRÀ, HER2þ left breast cancer. She had no history of cardiac dysfunction, hypertension or diabetes. She completed only three out of the four planned cycles of neoadjuvant pertuzumab, docetaxel and pertuzumab (PTH) on October 7, 2014 because of grade 3 fatigue. Left ventricular ejection fraction was not monitored during her neoadjuvant therapy. She had left mastectomy and sentinel lymph node dissection on November 25, 2014. The pathology report showed twelve of the seventeen nodes were positive for invasive ductal adenocarcinoma. From December 29, 2014 to February 9, 2015, she received three cycles of adjuvant chemotherapy with 5-fluorouracil, epirubicin, and cyclophosphamide (FEC). On February 2, 2015, an echocardiogram showed an ejection fraction of 60%. Adjuvant trastuzumab every three weeks was started on March 2, 2015, ending in May 2015 due to a decline in ejection fraction to 35% which further dropped to 25% with severe fatigue in June 2015 without other symptoms or signs of congestive heart failure. She was evaluated by a cardiologist and was started on ACE inhibitor but couldn't tolerate this therapy because of cough. Lisinopril was replaced by valsartan and she continued on the betablocker carvedilol. The patient received adjuvant radiation therapy from March 24, 2015 to May 11, 2015 . She received only 5 doses of adjuvant trastuzumab. Follow up PET scan on February 29, 2016 showed no evidence of recurrent disease. In March 2016, she developed a purplish discoloration on her left mastectomy skin flap along the incision which widened over the following 3 weeks (Fig. 1) . Biopsy from left chest wall skin on March 21, 2016 confirmed the local recurrent of ER/PR-negative and HER2þ disease. Repeat echocardiogram revealed an ejection fraction of 40% on March 28, 2016. At that time she continued to be active with a Karnofsk performance status of 70%. The patient was referred to us to decide on the modality of therapy and the anti-HER2 agents to choose in the presence of persistent trastuzumab-induced cardiac toxicity. A restaging PET scan on April 21st 2016 showed no evidence of visceral disease.
Her case was discussed at our breast tumor board. Her skin lesions were considered difficult to resect or radiate due to the infiltrative nature of the skin involvement and prior chest wall radiation. Since her tumor was ER/PRÀ, the decision was made to start her on a systemic anti-HER2 agent with chemotherapy. After literature search and discussion with the patient, we offered her lapatinib combined with capecitabine. She received the first cycle on May 3rd 2016. Her purplish skin lesions disappeared three weeks later. Her ejection fraction increased from a baseline of 43%e56%, one month after starting lapatinib, which came down to 44% with no further drop afterward (Fig. 2) . After three cycles, of drug treatment a PET scan showed significant improvement of the extensive soft tissue disease at the site of the left mastectomy. We reduced the capecitabine from 2 gm/m 2 to 1.5 gm/m 2 on cycle 4 because of fatigue and diarrhea. On November 10th, 2016 we further reduced the capecitabine dose to 1 gm/m 2 because of hand/foot syndrome and worsening diarrhea. Her ejection fraction remained above 43% during treatment from April 2016 to April 2017 with no symptoms of heart failure. At the last visit on May 8th 2017, the patient was alive with no evidence of disease per last PET scan.
Discussion
The incidence of locoregional recurrent (LRR) breast cancer has become relatively decreased following advances in adequate treatment of primary disease. However LRR poses a therapeutic challenge in terms of how aggressive the therapy should be and the modality of therapy needed, especially in patients with HER2þ disease and trastuzumabinduced cardiomyopathy. One recent review suggests that prognosis for patients with LRR is not universally poor, and that aggressive locoregional and systemic therapy is warranted in certain patients who may achieve long-term survival. LRR treatments can include surgery and/or radiation therapy. Adjuvant systemic therapy including chemotherapy, hormonal therapy or anti-HER2 therapy also may offer these patient better survival and adequate long-term disease control. 1 The purple skin discoloration from the recurrent HER2þ breast cancer in our patient fortuitously served as an indicator of the infiltrative nature of the chest wall relapse, for which local therapy was unlikely to be feasible. Since her tumor was ER/PRÀ, we offered this patient palliative systemic anti-HER2 therapy with chemotherapy.
Our patient's severe cardiac dysfunction before relapsed breast cancer was likely caused by trastuzumab, as evidenced by her normal cardiac EF after three cycles of FEC and before the adjuvant trastuzumab. However, trastuzumab usually causes reversible cardiac dysfunction, while anthracyclines may result in chronic congestive heart failure. Our patient's prolonged cardiac dysfunction of almost one year after trastuzumab exposure suggests that both anthracycline and trastuzumab may have been involved even though she received only 300 mg/m 2 cumulative dose of epirubicin. Her advanced age and adjuvant radiation to the left chest wall after epirubicin and concurrently with trastuzumab also may have contributed to the development of cardiac dysfunction, although concurrent radiation and Figure 1 Skin lesions below prior mastectomy site. trastuzumab was deemed safe without increased cardiac toxicity. 2 We cannot rule out that she had unrecognized coronary artery disease at the time of her breast cancer diagnosis.
The need for systemic anti-HER2 therapy in the presence of trastuzumab-induced myocardial dysfunction posed another dilemma in the management of our patient. All currently approved ant-HER2 therapies, including trastuzumab, pertuzumab, ado-trastuzumab emtansine (TDM-1) and lapatinib cause cardiac toxicity.
3 HER2 expression in the myocardium plays an important compensatory role in dealing with stress. HER2 upregulates antioxidant enzymes, reduces basal levels of reactive oxygen species, and protects against doxorubicin cardiotoxicity. 4 Trastuzumab is known to cause an asymptomatic drop in the left ventricular ejection fraction (LVEF) or, less frequently, congestive heart failure (CHF). This trastuzumab-associated cardiotoxicity results from blocking neuregulin-1 (NRG-1)-mediated activation of HER2, downregulation of the antiapoptotic protein BCL-XL, and upregulation of the proapoptotic protein BCL-XS which affects mitochondria function. 5 Through oxidative stress trastuzumab also upregulates angiotensin II which induces apoptosis through the AT1 receptor. It also activates NADPH oxidase leading to cell death through mitochondrial dysfunction. 6 The incidence of cardiac dysfunction from single agent trastuzumab is 3%e7%, which goes up to 27% with concomitant trastuzumab and anthracycline plus cyclophosphamide. 7 Pertuzumab is a monoclonal antibody that inhibits HER2eHER3 hetero-dimerization through binding to domain II of HER2 receptor. 8 The combination of trastuzumab with pertuzumab in the metastatic setting does not seem to result in increased cardiac toxicity, when compared to trastuzumab treatment, alone.
9 T-DM1 is a trastuzumab-emtansine conjugate. It has been found to have favorable efficacy in a clinical trial comparing T-DM-1 to a combination of lapatinib and capecitabine in metastatic breast cancer patients who had progressed on trastuzumab (EMILIA). 10 Lapatinib is a dual tyrosine kinase inhibitor (TKI) of EGFR and HER2. 11 It binds to the intracellular HER2 domain, compared to trastuzumab, pertuzumab and TD-M1, all of which bind to the extracellular HER2 domain. Preclinical data have shown that lapatinib does not have the same cardiotoxic effects as those induced by the other anti-HER2-targeted agents. 12, 13 Currently, there is no direct comparison of the cardiac safety among various anti-HER2 therapies based on clinical trials. Lapatinib has shown a slightly lower incidence of cardiac events numerically compared to trastuzumab 14, 15, 16 or T-DM1 10 , respectively. Clinical data on the use of anti-HER2 therapy in elderly patients (more than 70 years old) is limited, since most studies have exclude them from study entry. Available data from phase III clinical trials suggest a higher risk of cardiotoxicity in patients above 60 years of age when given trastuzumab. 17 Based on our literature review and discussion with the patient, we offered our patient lapatinib with capecitabine to treat her HER2þ chest wall recurrent breast cancer, with close monitoring of her symptoms and regular monitoring of her ejection fraction every 3 months. Her chest disease responded rapidly with resolution of the skin discoloration within three weeks, without any clinical symptoms of congestive heart failure. More importantly, her ejection fraction actually increased after one month then stabilized for one year on lapatinib treatment. Our case indicates that lapatinib and capecitabine are safe and effective in patients with trastuzumab-induced cardiomyopathy, and in elderly patients with HER2þ chest recurrent disease.
Ongoing clinical research in the anti-HER2-induced cardiac dysfunction centers on the development of novel anti-HER2 TKI's such as neratinib and ONT-380. 18 The use of cardioprotective agents such as ACE inhibitors or beta blockers is being explored, especially in high risk patients. 19 In summary, our case was indeed a clinical challenge in terms of diagnosis, treatment options for locally recurrent HER2þ breast cancer, especially with a need for continued anti-HER2 therapy in the presence of prior trastuzumabinduced severe cardiomyopathy. Systemic therapy is effective for LRR with chest wall disease when local Anti-HER-2 therapy following severe trastuzumabtherapy is not feasible, even for HER2þ recurrent breast cancer. In addition, continued anti-HER2 therapy can be safely administered if agents with lower cardiotoxicity, such as lapatinib, are chosen. The fact that our patient's cardiac function was maintained throughout one year of lapatinib treatment and was disease-free following this treatment, support our treatment choice. Future clinical trials will be required to determine the effectiveness of newer generation TKI's as well as the potential benefit of administration of cardioprotective agents in the treatment of HER2þ breast cancer.
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